Deficiency in vitamin A is an evil in underdeveloped countries where the minimum recommended intake is not achieved. This may have long-term implications on the health of the population. For this reason, it would be very useful to achieve an animal model where the different implications of this deficiency can be observed. This could lead to the formulation of future nutrition politics. The levels of retinoic acid and intermediary of the vitamin A pathway were studied; The levels of retinoic acid and intermediary of the vitamin A pathway (CRBP-1 and RARα) were studied. There was a decrease in the values of retinoic acid main indicator of deficiency of this vitamin in serum, liver and mammary gland and variation in expression of CRBP-1 and RARα mRNA in mammary gland. This model provides a tool for the study of the metabolism of vitamin A and its effects in different organs and especially in virgin mammary gland, where a deficiency is achieved despite being in a state of latency.
Open Access Library Journal pre-school children [3] . Vitamin A deficiency remains a widespread public health problem among women and children in the developing world [4] , and it increases morbidity and mortality due to increased susceptibility to infection [5] .
Vitamin A and its derivatives (referred to as retinoids) are essential dietary compounds and are key regulators of cell differentiation, proliferation, and death.
It is estimated that more than 500 genes are regulated by retinoic acid [6] , through the binding and activation of the different isoforms of retinoic acid receptors (RARα, β and γ) and retinoid X receptors (RXR), which are members of the nuclear receptor family. Adult animals deprived of vitamin A display severe abnormalities including dysfunction of epithelia of mammary gland [7] [8] .
The nutritional requirements of vitamin A have been calculated through studies in which attempts have been made to correct experimentally produced deficiency states. Current recommendations from the Food and Nutrition Board of the National Research Council are based on the amount of retinoids needed to cover variations between absorption and utilization. VAD is recognized as a nutritional problem in many countries. VAD is considered to affect growth only under severe deficit conditions of (0.7 μmol/l) [9] [10] [11] [12] . In fasting circulation, retinol (the predominant vitamin A species) bound to RBP (Retinol Binding Protein) is found at a normal concentration ranging from 2 to 4 μM in humans and about 1 μM in rodents [13] .
The study of the effects of marginal vitamin A deficiency is of great importance as it reflects situation of many human beings, particularly those in developing countries. For this reason, an animal model of deficiency should be used to study the metabolic changes.
Materials and Methods

Animals and Diets
Wistar rats are a good model for nutritional studies. Female Wistar rats, bred in our animal facilities (IMIBIO, National University of San Luis, Argentina), were weaned at 21 days old and immediately randomly assigned to either the experi- Tables 1-3 . The rats were kept in a 21˚C -23˚C controlled environment with a 12-hour light:dark cycle. They were given free access to food and water throughout the entire experimental period. After the entire treatment period, 4 rats from each group (CO, VAD and REF) were euthanized by CO 2 inhalation. The blood was collected without anticoagulant in order to obtain the se- The serum was then centrifuged 2 times at 3000 rpm for 10 min. Then the inguinal mammary gland and liver were separated. The tissue fractions were maintained at −70˚C. The samples for the determination of retinol were separated and protected from light, in order to decrease the photoisomerization of vitamin A. We followed the general guidelines for the care and use of laboratory animals recommended by the Animal Care Committee of the National University of San Luis.
Retinol Concentration Analyses
The retinol concentration was determined by the modified technique Neeld and Pearson [15] . The homogenates of liver or mammary gland and serum, was treated with 1 ml of 95% ethanol to precipitate proteins, and 1.5 ml of petroleum ether to extract vitamin A and carotenoids. It was centrifuged at 3000 rpm for 10 minutes at 37˚C. The supernatant was read at 450 nm, corresponding to the absorbance of carotenes. Then was dried in an oven at 37˚C and the residue was taken up in 50 μl of chloroform, 50 μl of acetic anhydride and 500 μl of TFA (Trifluoroacetic) is then added with vigorous stirring to 620 nm absorbance (OD620) and read within 30 seconds. In parallel a standard curve of vitamin A and carotenes process was made. Because the β-carotene reacts with TFA, the results were corrected after reading the absorbance at 450 nm and calculate the corresponding correction factor. All measurements were performed in duplicate.
RNA Isolation and RT-PCR Analysis
Total RNA was isolated from 150/200 mg of mammary tissue using the guanidi-Open Access Library Journal Transcriptase. The reaction was incubated at 37˚C for 50 min, and then the reaction was inactivated by heating at 70˚C during 15 min. The cDNA was stored at 20˚C. The mRNA levels of CRBP-1, RARα and S28 were estimated by RT-PCR using rat-specific primers and reaction conditions described in Table 4 . The Table 4 and 72˚C for 60 s. Each PCR run included a notemplate control and a sample without RT. All measurements were performed in duplicate. RNA samples were assayed for DNA contamination by performing the different PCR reactions without prior RT. Relative levels of mRNA were normalized to the S28 reference gene. The resultant products obtained after PCR were separated by electrophoresis on 2% agarose gel containing GelRed. The image was visualized and photographed under UV transillumination.
Statistical Analysis
Results were expressed as mean values with their standard device. Statistical comparisons were made transversely between different dietary groups. The statistical significance between groups was determined by one-way ANOVA and the differences between the individual means were analyzed using Tukey's post hoc test. Differences having P values lower than 0.05 were considered to be statistically significant. Data analysis was done using the Graphpad prism 5 software. The images were taken with digital camera and the images analyzed with Image J software. 
Results
Body Weight
When analyzing the animal weights, a significant decrease was observed in the experimental groups with VAD diet, from week 8 on diet intake, regarding the respective CO group (data not shown). It is noteworthy that the animals belonging to REF group had a weight gain equivalent to the CO group (Table 5) .
No differences were observed in the daily intake between the different experimental lots.
Retinoic Acid Levels
The content of retinoic acid in serum, liver and mammary gland was measured (Table 6 ). The dietary restriction of vitamin A for 24 weeks caused a decrease in retinoic acid levels in serum, liver and mammary gland with respect to CO group; indicating a specific state of nutritional deficiency of vitamin A. This state was reversed in serum, in liver and mammary gland with feedback of 4 weeks.
Effect of VAD on CRBP-1 mRNA expression
The expression of CRBP-1 in mammary gland was determined. 
Effect of VAD on RARα mRNA Expression
Expression of RARα was determined. Figure 2 shows RARα expression in mammary gland in the different experimental groups, where a decrease in Values are expressed as the mean ± SD (n = 8). Medias with a different letter are statistically significant (p < 0.05). Table 6 . Retinoic acid levels in serum, liver and mammary gland. 
Discussion
In the present study, a model of long-term deficiency is proposed for the study of the changes caused by the prolonged absence of vitamin A in virgin mammary gland.
In this model, a significant decrease in body weight gain was observed in VAD group. VAD is considered to affect growth only under conditions of severe deficit (<0.7 μmol/l) [9] [11] [12] . In rodents, the normal concentration of retinol is of the1 μM [13] . Vitamin A is an essential nutrient for mammalian growth and a [17] . In rodents, disturbances of vitamin A signaling, due to dietary depletion or genetic manipulation, may promote deregulation of adipose tissue [18] . Treatment of rodents with vitamin A or retinoic acid can change the expression levels of adipose genes involved in energy homeostasis [19] .
In our model, dietary intake without vitamin A causes alterations in the amount of retinoic acid in serum, in liver (which is the reserve organ for vitamin A [20] [21] , and in mammary gland. Our results demonstrate that levels of circulating retinoic acid decreased compared with the CO group. During the refed period, we could observe that the values of retinoic acid reached the values of the CO group. In liver and mammary gland of the VAD group, we observed that these levels were lower compared to the CO group. In liver, during the refed period, we could observe that the values of retinoic acid reached the values of the CO group. In mammary gland, the levels of retinoic acid observed increased with respect to the VAD group.
According to a study conducted by Ross [22] , rats fed with a deprived diet of vitamin A showed retinoic acid deficiency in liver (<5 mg/g tissue) and plasma (<0.3 M) at 7 weeks age in males and 8 weeks of age in females. Moreover, external signs of vitamin A deficiency were manifested approximately one week later for both sexes [22] . These findings are consistent with our findings; where at 8 weeks in the VAD group the signs of Vitamin A deficiency were observed.
It has been shown that retinoic acid regulates cellular processes including cell proliferation, differentiation and apoptosis, and therefore plays important roles in embryo development and subsequent tissue maintenance [23] [24] [25] . Retinoic acid signaling is involved in the initiation of mammary gland development in the embryonic stage [26] . The RARs are the main mediators of the biological effects of vitamin A, with an established role in the maintenance of differentiated state of epithelial tissues [27] . In turn, the RAR signaling pathway has been shown to be defective in carcinomas of various organs, such as the mammary gland, mainly because of reduced expression of RARβ or CRBP-1 [28] [29]. However, if these alterations affect the oncogenesis or maintenance of the tumor, it still remains unresolved. It has been reported that nutritional status in vitamin A would alter the expression of the different RAR subtypes in tissues [30] [31] [32] [33] . In our model, a decrease in RARα expression was observed in the VAD group, whereas during the supplementation period, these levels reached similar values to the CO group. This situation would be suggesting that RARα levels would be related to vitamin A concentration.
From the model of null mice in CRBP-1 this protein is proposed as a chaperone of retinoid metabolism [34] . The cytoplasmic concentration of CRBP-1 may determine the ability of the cell to accumulate retinol, and thus, serve as a cell regulator for its incorporation [35] [36] . CRBP-1 would be involved in the intermembrane movement of retinol, as well as in the metabolism of both retinyl esters (for storage) and retinal for subsequent activation or catabolism [37] . Open Access Library Journal
In vitro experiments show that retinoic acid can up-regulate CRBP-1 expression in adipocytes [38] . Hussmann et al. [39] observed that the expression of rat CRBP-1 can be upregulated by retinoic acid. In spleen, lung and testis of rats RARE located in a specific promoter region [39] .
The accumulation of CRBP-1 promotes the conversion of retinol to retinoic acid [40] . Ghyselinck et al., in a study of CRBP-1 null mice, demonstrated that CRBP-1 is essential for the efficient storage of retinol, but is not essential for retinoic acid synthesis [41] . Moreover, the downregulation of CRBP-1 has been associated with the malignant phenotype, especially in breast and ovarian cancer [48] . In addition, loss of CRBP-1 is an early event in the progression of breast cancer and is associated with poor prognosis [29] . Loss of CRBP-1 disrupts retinoic acid homeostasis, resulting in breast defects similar to those observed in the early stages of tumorigenesis [49] . These data highlight the role of CRBP-1 as a regulator and also emphasize the essential role of retinoic acid in maintaining adequate breast morphology and the need for strict regulation of the active metabolite of vitamin A. The characterization of CRBP-1 phenotype will help with the development of novel therapeutic strategies for CRBP-1 deficient breast cancer.
A loss of CRBP-1 expression is also associated with the development of less differentiated endometrial carcinomas [50] . CRBP-1 hypermethylation is re-Open Access Library Journal sponsible for the loss of transcription of CRBP-1 mRNA that takes place in premalignant lesions and frequently accompanied by RARβ2 hypermethylation in the same tumors. Moreover, it was observed that a higher dietary intake of retinol was associated with decreased methylation of both genes [43] .
In recent years, the role of retinoid signaling along with CRBP-1 has become the subject of several studies in cancer progression. CRBP-1 suppression is associated with a more aggressive phenotype in breast, ovary, and nasopharyngeal cancer. Overexpression of CRBP-1 increases the sensitivity to retinol and reduces the viability of ovarian cancer cells in vitro [51] .
Epidemiological studies have suggested an inverse correlation between cancer development and vitamin A consumption [52] . Natural and synthetic retinoids have been shown to inhibit the growth and development of different types of tumors; such as: skin, breast, oral cavity, lung, hepatic, gastrointestinal, prostate, and bladder cancers [53] [54].
Conclusions
For this reason, this animal model of virgin rats with 6 months of deficiency in vitamin A can be a study model to observe the different changes that this generates in a virgin mammary gland that despite being in the basal state already presents a deficiency in vitamin A. This gives an excellent field study to observe the metabolic processes such as tumor predisposition, inflammation, among others, where this vitamin is involved.
